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Purpose of this site

This page aims to document work done on the NAO6 Robot throughout my CSCI 278
Independent Study, taking place in the spring of 2023

Abstrac— Human-robot interaction (HR) research plays
pivotal role in shaping how robots communicate and collaborate
with humuns. However, conducting HRI studies, particularly
those cmploying the Wizard-of-Oz (WoZ) technique, can be
challenging. WoZ user studics cun have complexities at the
technical and methodological levels that may render the results
irveproducible. We propose to address these challenges with
HRIStudio, a novel web-hased platform designed to stream-
t

research. Our contribution leverages the Robor Operating
System (ROS) to handle the complexities of interfacing
with different robotics plarforms. HRIStudio presents users
with a high-level, user-friendly interface for experimental
design, live control and monitoring during execution rums
(which we call live experiment sexsions), and comprehensive
post-study analysis. The system offers drag-amd-drop visual

line the design, execution, and analysis of WoZ i

-t L and i runs, and
comprehensive data logging and playback tools for analysis and
reproducibility. By lowering technical harriers, promoting col-
Iaboration, and offering methodological guidelines, IIRIStudio
aims to make human-centered robotics rescarch casicr, and at
the same time, empower researchers to develop scientifically
rigorous user studies.

L INTRODUCTION

Human-robot interaction (HRD) is an essential field of
smdy for understanding how robois should communicate,
collaborate, and coexist with people. The development of
autonomous behaviors in social robot applications, however,
offers a number of challenges. The Wizard-of-Oz (WoZ)
technique has emerged as a valuahle experimental paradigm
to address these difficulties, as it allows experimenters to
simulate a robot’s autonomous behaviors. With WoZ, a hu-
man operator {the “wizard”) can operate the robot remotely.
essentially simulating its autonomous behavior during user
studies. This cnables the rapid prototyping and continuous
efinement of human-tobot interactions postponing to later

e full development of complex robot behaviors.

While WoZ is a powerful paradigm, it does not climinate
all experimental challenges. Researchers may face bariers
related (0 the use of specialized tools und methodologies
involved in WoZ user siudies and also find difficulties in
creating fully reproducible cxperiments. Existing solutions
often rely on low-level robot operating systems, limited
proprietary platforms, or require extensive cusiom coding,
which can restrict their use to domain experts with extensive
technical backgrounds.

Through 4 comprehensive review of current literature, we
have identified a pressing need for a platform that simplifies
the process of designing, execuling, amalyzing, and recording
‘Wo7-based user sudies. To address this gap, we are develop-
ing HRISmdio, 4 novel web-based platform that enables the
inmitive configuration and operation of WoZ studies for HRI

“Bech auwhors are with the Department of Computer Science at
Bucknell University in Lewisburg, PA, USA. They can %% reached at
2003@buckrell . edu and 11.edn

for describin without extensive
coding, real-time control and observation capabilities during
live experiment sessions, as well as compeehensive data
Togging and playback tools for analysis and enhunced repr
duciility. We expect that with these features, ITRIStudio will
‘make the application of the WoZ paradigm more sysiematic
thereby increasing the scientific rigoc of this type of HRI
experiment. The following sections present a brief review of
the relevant literature, outline the design of HRIStudio and
its experimental workflow, and offer implementation details
and fuae directions for this work.

11, STATE-OF-THE-ART

The importance of the Wo7. paradigm for user studies in
social robotics is illustrated by the several frameworks that
have been developed 1o support it. We describe some of the
‘most notable as follows.

Polonius [3], which is hased on the modular ROS platform,
offers & graphical user interface for wizards to define finite
state machine scipts that drive the behavior of robots during
experiments. NotReal [1] was designed for WoZ studies
of voice user interfaces. It provides scripting capabilities
and visual feedback to simulate autonomous behavior for
participants. WoZ4U |6] presents a usec-friendly GUI thar
mikes HRI studies more accessible 1o non-programmers.
The tight hardware focus on Aldebaran’s Pepper, however,
constrains the tool’s applicability. OpenWoZ [2] proposes
wuntime-configurable framework with a multi-client architec-
wre, enabling evaluators 1o modify robot behaviors during
experiments. The platform allows one with programming
expertise to create stndard, customized robot behaviors for
user studies.

In addition to the aforementioned frameworks, we con-

lysis of published WoZ experi-
‘menrs, which stesses the need for increased methodological
tigor, transpacency and reproducibility of WoZ studies. |5]
Altogether, the literature inspired us to design HRIStdio
as a plaform that offecs comprehensive support for WoZ
swdics in social robotics. Our design goals include offering
a platform that is as “robot-agnostic” as possible and which
offers its users guidance to specify and execuie WoZ studies
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Abstract— Human-rohot interaction (HRI) research plays
pivotal role in shaping how rohots and collaborate

with a range of technologies such as programming languages,

with humans. However. conducting TIRT studies can be chal-
lenging, particularly those employing the Wizard-of-0z (WoZ)
technique. WoZ user studies can have technical and method-
ological complexities that may render the results irreproducible.
We propose to address these challenges with HRIStudio, 2
‘modular sweb-based platform designed to streamline the design,
the exceution, and the analysis of WoZ experiments. HRIStudio
offers an intuitive interface for experiment creation, real-
time control and monitoring during experimental yuns, and
comprehensive data logging and playback tools for analysis
and reproducibility. By lowering technical barriers, promoting
collahoration, and offering methodological guidelines, HRIS-
tudio aims to make human-centered robotics research easie
and empower researchers to develop scientifically rigorous user
studies.

T. INTRODUCTION

Human-robot interaction (HRI) is an cssential field of
smdy for undetstanding how robots should communicate,
collaborate, amd coexist with people. The development of
autonomous behaviors in social robot applications. however,
offers # number of challenges. The Wizird-of-0z (WoZ)
ged as a valuable experimental paradigm
e dilliculies, as it allows experimenters 1o
simulate a robor’s autonomous behaviors. With WoZ, a hu-
‘man operator (the “wizard”) can operate the robot remotely,
essentially simulating its autonomons behavior during user
sdies. This enables the rapid prototyping and continuous
refinement of human-robot interactions postponing to later
the full development of complex rabot hehaviors.

While WoZ is & powerlul paradigm, it does nol eliminate
all experimental challenges. The paradigm is centered on the
wizard who must carry out seripied sequences of actions.
Ideally, the wizard should exceute their script identically
across runs of the experiment with different participumts.
Deviations from the script in one run or another may change
experimental conditions significantly decreasing the method-
ological rigor of the larger study. This kind of problem can
be minimized by instumenting the wizard with a system
that prevents deviations from the prescribed intecactions with
the participant. In addition to the variability that can be
introduced by wizard behaviors, WoZ studies can be under-
‘mined by technical barriers related to the use of specialized
equipment and tols. Different robots may be controlled or
programmed through different systems requiring expertise

“Botl: autors are wits the Depertment of Compier Science at
Bucknell Universice in Lewisborg, T, USA. They can bo reached at
5300058 Zucknel L. 2a and pers w1e1l.edu

and operating systems.

The elaboration and the execution of rigorous and re-
producible WoZ experiments cm be challenging for HRT
researchers. Although there do exist solutions 1o support this
Kind of endeavor, they often rely on low-level robot operating
systems, limited proprietary platforms, or require extensive
custom coding, which can restrict their use to domain experts
with extensive technical backgrounds. The development of
our work was motivted by the desire 1o offer a platform
that would lower the barciers to entry in IIRT research with
the WoZ paradigm.

Through the literature review described in the next section,
we identified six categories of desitables 1o be included in
2 modem system that sweamlines the WoZ experimental
process: i environment. that integrates all the functionlities
of the system; mechanisms for the description of WoZ ex-
periments which require minimal 1o no coding expertise; fine
grained, real-time control of seripted experimental runs with
a variety of robotic platforms; comprebensive data collection
and logging: a platform-agnostic approach to support a wide
range of rohot hardware; and collabotative feanuves that allow
research teams to work together effectively.

‘The design and development of HRIStudio were driven by
the desirables enumerated above and deseribed in [5], our
preliminary report. In this work, ouc main contiibution is t©
demonstrale how  system such the one we are developing
has significant potential to make Wo7. experiments easier 1o
carry out, more rigorous, and ultimately reproducible. The
remainder of this paper s structured as follows. In Section II,
we establish the context for our coniribution through 4 review
of recent literature. In Section III, we discuss the aspets of
the WoZ paradigm that can lead to reproducibility challenges
and in Section IV we propose solutions to address these
challenges. Subsequently, in Section V, we describe our
solution to credte a struemre for the experimental workflow.
Finally, in Section VI, we conclude the paper with a summary
of our contributions, a reflection on the current state of our
project, and directions for the future.

L. ASSESSMENT OF THE STATE-OF-THE- ART

Over the last Lwo decades, multiple frameworks 1o support
and automate the WoZ paradigm have been reported in the
Titerature. These frameworks can be categorized according
10 how they focus on four primary areas of interest, which
we discuss helow as we expose some of the most important
o the field.
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Meet the NAO

e ~2 foot tall humanoid robot. Desighed
for research and education.

e One of the most widely deployed
social robots worldwide.

e Released 2006. Company changed
hands 4-5 times since.




How do we use the NAO?
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Analyzing Choregraphe




Social Robotics

We study how people interact with physical
robots In everyday environments.

e Social robots are entering schools,
hospitals, homes

e How people respond shapes how we build
them

e NAQO: the most widely used humanoid
In social robotics research

Controlled experiments let us get real
answers- which raises the question of how to
run them.




Wizard-of-Oz Studies

We need a framework to run these
experiments, so we use the
Wizard-of-0Oz framework.

A hidden researcher - the wizard -
controls the robot in real time, while
the participant believes it is
autonomous.

Why?

e Prototype behavior without full
programmed autonomy

e Study authentic human response




Choregraphe: A General Purpose Tool

Choregraphe can control the robot
well, but it's not designed for the kinds
of studies run in social robotics
research.

e Flow-based IDE, not a study tool
e Programming experience required
« No study structure, no protocol

e [rigger a behavior mid-trial?

e Manually hunt through a flow
diagram

Not running

Choice

Dialog

SSSSSSS

|||||||||



How do we analyze?

Choregraphe handles control- but
what about everything else?

e No logging. Nothing is captured
when the trial ends.

e Data must be manually recorded
INn real time.

e Studies are comprised of much
more than just code- where do all
the documents go?

Observer Data Collection Sheet

HRIStudio Pilot Study — Completed by researcher during the live

Participant 1D: Date:
Condition: 0 HRIStudio  [J Choregraphe

Session Start: Test Subject Room:
ID:

Test subject type: 0 Recruited participant [ Researcher (foreknowledge — note in session notes)

Phase 1 — Training 15 min planned

Start: End: Actual: min  Questions
asked:

Training notes:

Phase 2 — Design Challenge 30 min planned

Start: End: Time to comple-
tion: min

Completed? 0 Yes [ No (hit time limit)

Intervention log: Type: T = tool operation C = task/spec clarification H = hardware/tech G = gen-
eral fforgetfulness. T marks are recorded alongside the DFS; they do not affect the DFS score.

Time Type DFS # Description

1
Total interventions: Tool-type (T): Other:
Phase 3 — Live Trial 10 min planned
Start: End: Actual: min Reached Step
4?0Y ON
Subject’s answer: Branch triggered: 0 A OB [ None/manual

Researcher interventions during trial:  Same type codes as above. T-type interventions cap the velevani ERS

item at 50%.

Time Type ERS # Description

Total trial interventions: Tool-type (T):

Other issues during trial:

Phase 4 — Debrief 5 min planned

Start: End: SUS completed? O Yes [ No

Project file exported? [0 Yes [ No

Qualitative comments:

Overall Session Notes

Design Fidelity Score Rubric

HRIStudio Pilot Study — Completed by researcher after reviewing the exported proj

Participant 1D: Date:
Condition: 0 HRIStudio  [J Choregraphe
Scoring: Full points if Present and Correct. Half points if Present but not Correct. Zero if not Present.

Assisted (T): Mark T if a tool-operation intervention was given for this item. Recorded for reference — does not
affect the Points total or the DFS.

Gestures (items 5-7): Correct only if gesture is a distinct action or animation node separate from the speech
action. Auto-motion from “Animated Say” does not qualify — it selects movements non-deterministically, so
output varies between runs even with the same program.

Branching (item 8): Correct only if a dedicated conditional control-flow node (Switch, Choice, or equivalent) iz
wired to a voice or input trigger. Manual re-routing during execution does not satisfy this criterion.

Component Present? Correct? Assisted? Points

Speech Actions 40 pts total

1. Introduction: “Hello. I want to tell you about Y / N Y [/ N T f= /10
Kai...”

2. Narrative: “Kai had been on the Martian surface Y /[ N Y [/ N T/- /10
for siz days...”

3. Question: “What color was the rock Kai found®” Y / N Y / N  T/- /10

4. Both branch responses (correct and incorrect) Y /N Y /N T ifis /10
Gestures & Actions 30 pis fotal

5. Open-hand wave during introduction Y /N Y /N T/- /10

6. At least one narrative gesture (pause or lookdown) Y / N Y / N T /- /10

7. Nod (correct branch) or head shake (incorrect Y / N Y / N T/- /10
branch)
Control Flow & Logic 30 pts tolal

8. Conditional branch triggers on participant’sanswer Y / N Y / N T/- /15

9. All four steps present in correct sequence Y /N Y /N T s /15
Raw Total: / 100 Tool-assisted items (T, for reference):
Design Fidelity Score (DFS): % DFS = Raw Total. T marks are recorded only; they do not

affect the score.

Notes on Implementation Quality:

Execution Reliability Score Rubric
HRIStudio Pilot Study — Completed by researcher after reviewing the video recording

Participant I1D: Date:

Condition: O HRIStudio O Choregraphe

Trial duration: _ min Reached Step 47 0Y [N Subject’s answer:

Test subject: [] Recruited participant [] Researcher (note foreknowledge in session notes if Researcher)

Scoring: Full points if Bxecuted and Correct and not Assisted. Half points if Exccuted but not Correct, or if
Assisted (T). Zero if not Executed.

Assisted (T): Mark T only for tool-operation interventions during the live trial tied to this item. Design-phase T
marks do not carry over from the DFS rubic. Do not mark T for hardware failures or general confusion unrelated
to tool operation.

Gestures (items 5-7): Correct only if the gesture executed as a distinct, intentional robot movement. Incidental
auto-motion during speech does not qualify — Animated Say selects movements non-deterministically, so output
varies between runs even with an identical program.

Branching (item 4): Correct only if the branch resolved via programmed conditional logic. Manual re-routing
or path selection by the wizard during the trial = Executed Y, Correct N.

Behavior Executed? Correctly? Assisted? Points

Speech Execution 40 pis total

1. Introduction speech delivered without errors Y /N Y / N T/- /10

2. Narrative speech delivered without errors Y / N Y / N ¥ of /10

3. Comprehension question delivered correctly Y /N Y / N T/- /10

4. Appropriate branch response given Y /N Y / N T/~ /10
Gesture & Movement Execution 30 pis total

5. Introduction gesture (open-hand wave) exe- Y / N Y / N T = /10
cuted

6. At least one narrative gesture executed Y /N Y /N T = /10

7. Nod or head shake executed correctly Y /N Y /N T/~ /10
Timing & Synchronization 20 pts total

8. Speech and gestures synchronized Y /N Y / N T/- /10

9. Pause held before comprehension question Y /N Y / N T/- /10
System Reliability 10 pts — deduct if errors occu

10. No disconnections, crashes, or hangs Y /N N/A - /10

Informed Consent
HRIStudio Pilot Study — Faculty / Wizard Participant

Study. You are invited to participate in a research study conducted by Sean O’Connor (Student PT)
and Dr. L. Felipe Perrone (Advisor) in the Department of Computer Science at Bucknell University.
The study compares the usability and reproducibility of a new visual tool for robot programming
(HRIStudio) against the standard NAO software (Choregraphe).

‘What you will do. Your session will take approximately 60 minutes:

-

Training (10 min) Brief tutorial on your assigned software: speech, gestures, and branching
logic.

2

Design Challenge (20 min) — You will receive a written story specification and implement it as
a robot interaction using your assigned tool.

w

Live Trial (15 min) — A student volunteer will enter and you will run your program for them.

.

. Debrief (15 min) — You will complete a short usability survey.

Data collected. Your screen will be recorded during the design phase. The live trial will be video
recorded to assess the robot’s behavior. All data is stored on encrypted drives; your identity is replaced
with a code (e.g., W-01).

Risks and benefits. No risks beyond normal computer use. Your participation contributes to research
on accesgible tools for human-robot interaction.

Voluntary participation. Participation is entirely voluntary and unrelated to any professional
obligations. You may withdraw at any time without penalty.

Questions. Contact Sean O'Connor at sso005@bucknell . edu or the Bucknell IRB at irb@bucknell .edu
(Protocol #2526-025).

Signature Date

Printed Name

System Usability Scale (SUS)
HRIStudio Pilot Study — Completed by wizard after the live trial

Participant Condition: [ HRIStudio Date:
ID: O Choregraphe

For each statement below, circle the number that best reflects your agreement.
1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree

Statement 1 2 3 4 5
1. T think that I would like to use this system frequently. O 0O O O O
2. 1 found the system unnecessarily complex. O 0O O O O
3. I thought the system was easy to use. O 0O O O O
4. I think I would need support from a technical person to use this system. O O O QO O
5. I found the various functions in this system were well integrated. O O O O O
6. T thought there was too much inconsistency in this system. O 0O O O O
7. I would imagine that most people would learn to use this system very quickly. O O O O O
8. T found the system very cumbersome to use. O O O O O
9. T felt very confident using the system. O O O O
10. T needed to learn a lot of things before T could get going with this system. O O O O O

Seoring note (for researcher): Odd items are positive; even items are negative. Subtract 1 from each odd item’s
score; subtract each even item’s score from 5. Sum all ten converted scores and multiply by 2.5. Score range:
0-100.



A Known Crisis in HRI Methodology

In 2012, Laurel D. Riek published a paper titled "Wizard of Oz Studies in HRI:
A Systematic Review and New Reporting Guidelines.”

e Systematic review of 54 WoZ studies in HRI (2001 - 2011).
e Only 5.4% of studies reported pre-experiment wizard training.
e Only 3.7% of studies reported measuring wizard error.

The field lacks tools to constrain wizard behavior and enforce standardized
protocols, making studies nearly impossible to replicate.




What about the rest of

the field?



Other Solutions Came Before

Low technical barrier

More rigorous

Less rigorous

?

WoZ4U

Accessible, but platform-specific
No methodological rigor

High technical barrier

Polonius, OpenWo/Z

Flexible, but requires programming

Choregraphe

Requires programming
experience or training

No methodological rigor



Distilling the problems



Two Problems

Problem 1:

The Accessibility
Problem

Existing tools require substantial
programming expertise, which
prevents domain experts from
conducting independent social
robotics studies.

Problem 2:

The Reproducibility

Problem

Without structured logging and
protocol enforcement, experiment
execution varies across
participants and wizards in ways
that are difficult to detect or control
after the fact.




Two Research Questions

Research Question 1:

Accessibility

Can researchers without
programming expertise use a
purpose-built platform to design
and conduct Wizard-of-Oz studies?

Research Question 2:

Reproducibility

Can a Wo/Z-specific platform enable
more faithful and reliable
execution of study design
compared to existing tooling?

N
%



How can we fix this?



Three Design Principles

Design Principle 1:

Hierarchical
Specification

Study designs are
structured data,
not code.

Study = Experiment >
Step = Action.

Shareable, analyzable,
version-controllable.

Design Principle 2:

Event-driven
Execution

Wizard clicks through.

Behavior fires

completely, and in order.

No searching for the
correct next step.

Design Principle 3:

Modular

Architecture

Swap the NAO plugin
for another robot
platform.

Study design persists.

Robot-agnostic by
design.



Existing Solutions

More rigorous

Less rigorous

Low technical barrier

?

WoZ4U

Accessible, but platform-specific
No methodological rigor

High technical barrier

Polonius
OpenWoZ

Flexible, but requires programming

Choregraphe

Requires programming
experience or training

No methodological rigor



Existing Solutions

More rigorous

Less rigorous

Low technical barrier

The answer?

HRIStudio

WoZ4U

Accessible, but platform-specific
No methodological rigor

High technical barrier

Polonius
OpenWoZ

Flexible, but requires programming

Choregraphe

Requires programming
experience or training

No methodological rigor



HRIStudio



programmer to drag-and-
drop predefined actions into

a Script.

The hierarchical
specification is enforced

here:

A study has experiments.
L An experiment has steps.

L A step has actions.
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. HRIStudio
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The Execution Interface

The wizard clicks through an

experiment’s script-following e« E"Zsh;;;f";f; pe—
the designed order, but — e
allowing for human R -
intervention if needed. o
i - S —
Video and audio are recorded -
for future viewing, time- Oy
synced to trial events. - e
Any deviations from the e

nnnnnnnnnnnnnnnnn

experiment script are logged
and marked for later analysis.

aaaaaaaaaa




The Trial Report

The Trial Report shows a
time-synced view of a trial's
events.

Each event is timestamped
and marked, allowing the
researcher to analyze what
happened, when It
happened- so they can more
easily figure out why.

Any deviation from the
experiment script is easily
viewable here.

) | © HRiStudio
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. HRIStudio
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Search event data...

Time Event Type
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All Events v
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6
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© Export Report

Prm—— 0:73 / 1:24 qQ»

:54

O

1:66

12 Total

12 events




The Study




Designing a Pilot Study

N=6 Between-subjects 60 minutes
Faculty participants |solated conditions Session length
Tool Training Design Trial Debrief
15 minutes 30 minutes 10 minutes 5 min
The Task

Implement and execute “The Interactive Storyteller” - a standardized social robotics scenario
In which the robot narrates a story to a participant, then asks a recall question.



Measuring Success

Measurement Scale 2:

Measurement Scale 1:

Design Fidelity

Score (DFS)

Original measure

What fraction of the intended study
design did the participant faithfully
implement? Measures how well the
platform lets researchers realize

their design intent.

Design Fidelity Score Rubric
RIStudi n

Participant ID: Date:
Condition: 0 HRIStudio [ Choregraphe

Scoring: Full points if Present and Correct. Half points if Present but not Correct. Zero if not Present,

Assisted (T): Mark T if a tool-op
affect the Points total or the DFS

ation intervention was given for this item. Recorded for reference — does not

Gestures (items 5 ‘orrect only if gesture is a distinet action or animation node separate from the speech
action. Auto-motion from “Animated Say” does not qualify — it selects movements non-deterministically, so
output varies between runs even with the same program.

Branching (item 8): Correct only if a dedicated conditional control-flow node (Switch, Choice, or equivalent) is
wired to a voice or input trigger. Manual re-routing during execution does not satisfy this criterion.

Component Present? Correct? Assisted? Points

Speech Actions |

1. Introduction: “Hello. I want to tell you about Y [ N Y [ N  T/- /10
ai...
2. Narrative: “Kai had been on the Martian surface Y [ N Y [ N T/ /10
for siz days....”
3. Question: “What color was the rock Kai found?” Y / N Y / N T/ /10
1. Both branch responses (correct and incorrect) Y/N Y /N T/- /10
Gestures & Actions 50 pic total
5. Open-hand wave during introduction Y/N Y/N T/- /10
6. At least one narrative gesture (pause or look down) Y / N Y / N T/ /10
7. Nod (correct branch) or head shake (incomect Y / N Y / N T/- /10
branch)
Control Flow & Logle 40 pis |
8. Conditional branch triggers on participant’s answer Y / N Y / /15
9. All four steps present in correct sequence Y/N Y/ T/- /15

Raw Tota

Tool-assisted items (T, for referenc

Design Fidelity &
affect the score

% DFS = Raw Total. T marks are recorded only; they do not

Notes on Implementation Quality:

Execution Reliability
Score (ERS)

Original measure

What fraction of planned behaviors
executed correctly and on-cue
during the live trial? Measures real-
time reliability under actual study
conditions.

Execution Reliability Score Rubric

Participant 1D: Date:

Condition: [ HRIStudio () Choregraphe

ial duration: min  Reached Step Y 0N Subject’s answer:

Test subject: 0) Recruited participant () Researcher (note foreknowledge in session notes if Researcher)

Scoring: Full points if Executed and Correct and not Assisted. Half points if Executed but not Correct, or if
Assisted (T). Zero if not Executed

A

ted (T): Mark T only for tool-operation interventions during the live t
s do not carry over from the DFS rubric. Do not mark T for hardware failures or general confusion
to tool operation.

Gestures (items 5-7): Correct only if the gesture executed as a distinct, intentional robot movement. Incidental
auto-motion during speech does not qualify — Animated Say selects movements non-deterministically, so output
varies between runs even with an identical program.

Branching (item 4): Correct only if the branch resolved via programmed conditional logic. Manual re-routing
or path selection by the wizard during the trial = Executed Y, Correct N

Behavior Executed? Correctly? Assisted? Points
Speech Execution 10 |

1. Introduction speech delivered without errors Y / N Y / N T/- 10

2. Narrative speech delivered without errors Y/N Y /N T /- 10

3. Comprehension question delivered correctly Y/N Y/N T/- 10

4. Appropriate branch response given Y/N Y/N T 10
Gesture & Movement Execution

5. Introduction gesture (open-hand wave) exe- Y Y /N T/- 10
cuted

6. A one narrative gesture executed Y/N Y/N T/- 10

7. Nod or head shake executed correctly Y/N Y/N T/- 10
Timing & Synchronization 2

8. Speech and gestures synchronized Y/N Y/N T/- 10

9. Pause held before comprehension question Y/N Y/N T 10
System Reliability

10. No disconnections, crashes, or hangs Y /N N/A - 10

Measurement Scale 3:

vstem Usability
Scale (SUS)

Validated - Benchmark 68

10-item standardized questionnaire
measuring perceived ease of use.
Scores above 68 indicate above-
average usability across industry
benchmarks.

System Usability
HRIS 3 Stud; [&

Participant Condition: O HRIStudio Dat
: O Choregraphe

For each statement below, circle the number that best reflects your agreement.
1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree Strongly Agree

Statement 1 2 3 4 5

1. 1 think that I would like to use this s

tem frequently

2. 1 found the system unnecessarily complex.
3. T thought the system was easy to use.

4.1 think T would need support from a technical person to use this

5. 1 found the various functions in this system were well integrated

6. 1 thought there was too much inconsistency in this system

7. I would imagine that most people would learn to use this system very quickly

8. T found the system very cumbersome to use.

9. 1 felt very confident using the

10. 1 needed to learn a lot of things before I could get going with this system.

Scoring note (for researcher): Odd items are positive; even items are negative. Subtract 1 from each odd item’s
score; subtrct cach cven item’s score from 5. Sum all ten converted scores and multiply by 2.5. Score range
0-100.






Scoring the Trials

Points (Higher is better)
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DFS
Choregraphe

ERS

HRIStudio

SUS

Design Fidelity Scale

+ 43 points

Perfect design, every time.

Execution Reliability Score

+ 30 points

Reliable execution achieved.

System Usability Scale

77 points

Over the benchmark (>68)
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Phase Timing

Average time per session
60

36 37

21
15

Training Design Total
Choregraphe HRIStudio

Tool Training Time

8 mins saved

Per session, on average.

Design Time

15 mins saved

Per session, on average.

Total Session Time

23 mins saved

Per session, on average



Selected Anecdotes from the Pilot

Accessibility in Action
« W-05 (HRIStudio): Zero programming experience. Perfect design in 18 minutes.

« W-04 (Choregraphe): Moderate programming experience. Incomplete design after 35
minutes.

The Silent Deviation

W-01 (Choregraphe): Accidentally changed a core script detail mid-trial.
The system allowed it and failed to log the error.



Conclusions



Conclusions

The Accessibility Problem - Answered

HRIStudio scored 76.7 on the SUS — above the 68-point benchmark — while Choregraphe
scored 59.2. Non-programmers can design and run complete Wo/Z studies.

The Reproducibility Problem - Answered

HRIStudio achieved perfect design fidelity (DFS=100) and near-perfect execution reliability
(ERS =96.7). Study designs can be faithfully replicated.

The contribution- not just an architecture,
but an open platform for the field.

HRIStudio is open-source and robot-agnostic. Study designs are shareable, version-

con

cal

trollable files. The plugin architecture supports rapid addition of robot platforms. HRIStudio
be the basis upon which future studies are built- without having to engineer new tooling.
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Future Work

Larger validation studies

The work done for this thesis is a pilot study- designed to prove feasibility of such a protocol
and platform. With more time and funding, larger-scale studies can go more in depth.

Additional robot platform support

The architecture developed throughout this project has been
designed to support multiple robotics platforms, yet in it's current
state, HRIStudio only supports the NAO. As demand changes,
additional robot plugins can be implemented.




Thank voul.

Any questions?




